A persistence of predominantly left lumbar rotation was observed. Persistent vertebral motion restriction was shown to have an association with final lumbar BMD T scores, and persistent TTA and tenderness were associated with changes in the BMD T scores over 8 weeks.
of the original 63 study participants over 8 weeks to assess the persistence of lumbar somatic dysfunction at 3 palpatory examinations and the association of that persistence with lumbar BMD T scores. Moderate/severe somatic dysfunction was expected to have greater persistence than mild somatic dysfunction and greater impact on BMD T scores.
Methods

Participants
As part of a larger study, 12, 13, 15 participants aged 20 to 40 years were recruited by means of e-mail and flyers be- Research has primarily focused on the persistence of the individual TART criteria or elements of somatic dysfunction. For instance, the persistence of tenderness and range of motion restriction has been studied throughout manual medicine disciplines, [2] [3] [4] [5] and the persistence of vertebral sidebending and rotation has been demonstrated in scoliosis research. 6, 7 Additionally, most studies [2] [3] [4] [5] [6] [7] [8] T scores for each of the vertebral levels were obtained, and the mean of the vertebral BMD T scores was used as a measure of overall BMD of the lumbar region (regional BMD T score).
Persistence of Somatic Dysfunction
Participants were examined for multiple classifications of persistent somatic dysfunction to determine whether persistent somatic dysfunction was related to BMD T scores ( moderate/severe somatic dysfunction was defined as a specified somatic dysfunction finding having a severity score of 3 at all 3 palpatory examinations.
Statistical Analyses
The frequency of occurrence of nonspecific and specific regional and vertebral somatic dysfunction was calculated as the number of palpatory examinations (0, 1, 2, or 3)
during which the specified somatic dysfunction element was present. Frequencies of persistent nonspecific and specific vertebral somatic dysfunction and persistent moderate/severe specific vertebral somatic dysfunction were lation for the duration of their participation in the study (8-10 weeks) .
All aspects of the study protocol were approved by the A.T. Still University-Kirksville Institutional Review
Board, and all participants provided informed consent before study enrollment. The current study was completed before clinical trial registration requirements were standard.
Somatic Dysfunction Determination
While in the prone position, each participant received a palpatory examination of vertebral levels L1 through L4 that assessed for the presence and severity of the 4 elements of somatic dysfunction: TTA, static rotational asymmetry of the transverse processes, anterior springing motion restriction, and tenderness. Vertebral level L5 was not examined because of the high frequency of associated occult congenital anomalies. 16 The procedures for these examinations have been described in detail in previously published LBP, BMD, and somatic dysfunction studies. 12, 13 Each participant was examined separately by 2 of 3 trained examiners (K.T.S., B.F.D., and E.J.S.), and a consensus of the findings was used for analysis. The consensus process and interobserver reliability of the findings have also been described in detail in previous publications. 12, 13, 15, 17 Examiners were blinded to the participant's LBP history. positive findings for each somatic dysfunction element is presented in Figure 1 . The frequency of persistent somatic dysfunction elements (ie, those found at all 3 palpatory examinations) for each vertebral level is presented in Table 3 . Persistent TTA was most common at L1
(83%) and least common at L4 (44%). Persistent rota- tern, T12-L4 convex left, which is accompanied by left lumbar rotation. 18 Shaw et al 19 also noted a predominance of left lumbar rotational asymmetry in an assessment of 12 asymptomatic osteopathic medical students. In their study, 19 the rotational asymmetry was identified independently by means of both palpation and ultrasonography.
In the previously published portion of the current study, 
Comment
The current study assessed the persistence of lumbar somatic dysfunction over 8 weeks and the association of b Within-group P value from generalized linear mixed model testing for changes from initial to final vertebral bone mineral density (BMD) T scores for those vertebrae with and without persistent somatic dysfunction. This analysis determined whether there was significant change in BMD T scores for vertebrae with persistent somatic dysfunction and for vertebrae without persistent somatic dysfunction. c Between-group P value from generalized linear mixed model testing for the association of persistent somatic dysfunction with change from initial to final vertebral BMD T score. This analysis determined whether the change in BMD T score was different between vertebrae with persistent somatic dysfunction and vertebrae without persistent somatic dysfunction. we performed a follow-up persistence study that specifically recruited participants with chronic LBP. Another major limitation of the current study was the lack of objecspinal stiffness 20 and is commonly used as part of clinical assessment in physical therapy, chiropractic, and osteopathic manipulative medicine. 21 vertebrae that had persistent motion restriction.
Although a small percentage of the persistent motion restriction seen in the current study was graded as moderate/severe, motion restriction was the only persistent somatic dysfunction element to show an association with the final vertebral BMD T score. Disk deformation commonly occurs with scoliotic curvatures, with osteophytes occurring more frequently on the concave side of the curve and disk herniations occurring more frequently on the convex side. 25 Persistence of lumbar group curves, such as those seen in scoliosis, is associated with a loss of the lumbar lordosis and reduced extension range of motion. 25 Lumbar degenerative joint disease and lumbar degenerative disk disease most commonly occur at the L4-L5 and L5-S1 levels. 26, 27 Degenerative disk disease, which typically precedes degenerative joint disease, alters the me-tive verification of vertebral level during palpation. A few years after conducting the current study, we conducted another study using lumbar radiographs to assess the accuracy of the palpatory method used in the current study.
The accuracy was determined to be 67% to 78% for these investigators. 32 The accuracy was also affected by partici- 
Conclusion
The current study assessed the persistence of lumbar (continued)
